INTRODUCTION
============

The poor retention of undergraduates in science, technology, engineering, and mathematics (STEM) fields has long been an area of concern for U.S. educators and has spurred broad calls to reform undergraduate STEM courses ([@B3]; [@B24]). Nationwide, nearly half (48%) of the students who enter a bachelor's program seeking a STEM degree switch into a non-STEM field or leave college altogether ([@B5]). The majority of students who leave STEM fields decide to do so within the first 2 yr of their program ([@B39]). Low grades in introductory STEM courses are often a contributing factor, pushing students out of STEM majors, while higher grades in non-STEM courses pull them toward non-STEM majors ([@B25]).

To help retain students in STEM majors, institutions have invested resources trying to improve the performance and retention of students in introductory STEM courses. One commonly used strategy is peer tutoring, in which undergraduates help one another learn within clearly defined tutor and tutee roles ([@B37]). A number of national programs have been designed to formalize peer tutoring, including the peer-led team learning (PLTL) and learning assistant (LA) programs ([@B14]; [@B26]). Both programs train undergraduates who previously succeeded in a course to assist all students currently enrolled in that same course. Peer tutors reduce the student-to-instructor ratio in a course, thereby facilitating additional group work and active-learning opportunities for the students. The introduction of peer tutors into biology, chemistry, engineering, physics, and computer science courses has resulted in increased student grades ([@B30]; [@B13]; [@B17]) and content mastery ([@B29]; [@B6]; [@B4]).

While there are many opportunities for peer tutors to assist students in class, they can also help students who are participating in study groups outside class. Typically, the opportunity to participate in these study groups is offered to all students, and the effectiveness of these programs is monitored by comparing course performance metrics for students who participate in the study groups versus those who do not (e.g., [@B2]; [@B16]; [@B34]). Because students who join these study groups can have a wide range of abilities, these studies often use demographic information such as incoming grade point average (GPA) or Scholastic Aptitude Test (SAT) score to control for differences in the two populations. After controlling for these differences, several studies have shown that peer-tutoring study groups improve course grades and positively impact persistence (e.g., [@B2]; [@B16], [@B34]). For example, a study offering a PLTL program outside of an introductory chemistry course found that, after controlling for students' background and other characteristics, students who attended earned a third of a letter grade higher overall in the course than students who declined to attend ([@B16]).

The success of peer-tutoring programs in STEM courses suggests that wider implementation could improve student performance and persistence of STEM undergraduates. However, not all institutions have the time and money to provide extra study group programs for every student in a class, especially in high-enrollment introductory STEM courses. Therefore, recent efforts have focused on providing targeted help to students who are struggling early in STEM courses. For example, in a study by [@B7], students who performed poorly on the first exam in an introductory physics or introductory oceanography course received an email invitation to meet with the course professor to discuss their current study strategies and reflect on how they might improve them. The struggling students who met with the professor improved their next exam grade nearly 5% more than their struggling peers who had not.

Similarly, a study in an introductory psychology course offered students who failed the first exam an intervention focused on developing metacognitive skills ([@B20]). These struggling students were contacted by a tutor and invited to complete a workbook that was designed to have them reflect on their performance and identify deficiencies in their preparation. Following this self-reflection, students met with the trained tutor for approximately an hour to discuss the contents of their workbook and specific steps they could take to improve. Approximately two-thirds (64%) of students who took part in this intervention passed the course compared with just 27% of the struggling students who declined the intervention opportunity.

In this paper, we build on work demonstrating the benefits of peer tutoring and interventions that target struggling students and ask: Can weekly peer tutoring still be effective in an introductory biology course when it is offered to the lowest-performing students? Specifically, we offered a peer-tutoring program to students who scored 50% or lower on the first introductory biology exam and assessed the impact of this program on exam performance; student perception of biology as a discipline, using the Colorado Learning Attitudes about Science Survey in Bio (CLASS-Bio; [@B32]); and persistence. Taken together, this work helps instructors understand how peer tutoring impacts students who are having the most difficult time in a course and how these outcomes can be used to repair STEM's leaky pipeline.

METHODS
=======

Course Description
------------------

This study was conducted in the Introductory Biology (BIO 100) course at the University of Maine (UMaine) during the Fall of 2013. Seven hundred sixty full-time students were enrolled in the course across three sections. Students in all three sections were cotaught by two faculty members (B.J.O. and F.D.), covered the same materials, and took identical exams. Each section met for 50 min, 3 d/wk.

The course is graded out of 1100 points---300 from exams (exams 1--4), 200 from a comprehensive final exam (exam 5), and 100 from weekly online homework assignments and in-class clicker questions. The remaining 500 points come from a required lab component of the course. For this study, exam scores are used as the measure of performance, because they are the primary method of assessment in this course.

Course Demography
-----------------

The BIO 100 course is the largest course taught at UMaine, and students are primarily first-year, nonminority students from rural counties ([Table 1](#T1){ref-type="table"}). Most students were enrolled in majors that require additional biology courses. Women outnumbered men almost two to one.

###### 

Demographic overview of full-time BIO 100 students during Fall 2013

                                              *n*^a^   \% of class
  ------------------------------------------- -------- -------------
  Gender                                               
   Women                                      499      65.7
   Men                                        261      34.3
  Home county                                          
   Urban (population \> 250,000)              132      18.3
   Rural (population \< 250,000)              591      81.7
  Ethnicity                                            
   Nonminority                                636      91.8
   Minority^b^                                 57       8.2
  Additional biology course requirements               
   Plan requires additional biology           576      75.8
   Plan does not require additional biology   130      17.1
   Undeclared                                  54       7.1
  Year in school                                       
   First year                                 576      75.8
   Sophomore                                  134      17.6
   Junior                                      40       5.3
   Senior                                       9       1.2
  Standardized test                           Mean     SD
   SAT score^c^                               1070.3   131.0

^a^Total Bio 100 enrollment *n* = 760 full-time students; class size varies slightly throughout table due to gaps in available demographic information.

^b^Minority students include: Hispanic/Latino, American Indian/Alaska Native, black/African American, and Asian.

^c^And/or SAT score equivalent of ACT score (see *Methods*).

Identification of Struggling Students
-------------------------------------

In upper-level courses, college GPA is a good predictor of whether a student will struggle ([@B22]), but this measure was not available, because students often take the BIO 100 course in their first college semester ([Table 1](#T1){ref-type="table"}). Therefore, in this study, we identified struggling students based on their first exam scores ([@B18]). The average score on the first exam was 55.4% (SD = 16.7%). For the purpose of this study, students who earned 50% or lower on the first exam were identified as "struggling," while students who scored above 50% were identified as "non-struggling" ([Figure 1](#F1){ref-type="fig"}).
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Shortly after the first exam, struggling students received both an email and a paper invitation to enroll in peer tutoring (Supplemental Figure 1). These invitations expressed concern about the student's performance on the first exam and contained information about when the sessions would meet, the materials and structure of the sessions, and directions on how to sign up. Approximately one-third of struggling students signed up for the program ([Figure 1](#F1){ref-type="fig"}).

A small number (*n* = 6) of non-struggling students independently contacted the course professors and asked to join the peer-tutoring program. These students were permitted to join a peer-tutoring session but are excluded from all data analyses.

The undergraduate peer tutors were hired as part of an LA program ([@B26]). In accordance with the LA program framework, students who previously scored in the top quartile in BIO 100 and expressed interest in a STEM teaching career were hired. The peer tutors were concurrently enrolled in a course covering practical and theoretical aspects of STEM education to help prepare them both for their roles as peer tutors and their potential futures as STEM educators.

Structure of Peer Tutoring
--------------------------

In this study, peer tutoring included 1) weekly meetings with up to 10 struggling students and the peer tutor and 2) question packets prepared by the researchers and faculty instructors that were given to the students each week. The question packets included five multiple-choice questions selected from exams given in previous years. The selected questions aligned with course learning goals and, when possible, were at the application and analysis levels ([@B1]; Supplemental Figure 2). Although the faculty members who teach this course do not post old exams, graded exams are returned each year to students. Consequently, students often have copies of exams from previous years, and the questions have been posted to various websites.

Students worked together in small groups to answer each question and write a justification of why the correct answer was correct along with additional justifications for why each incorrect answer was incorrect. While students worked, peer tutors circulated to monitor their progress and answer questions. Toward the end of the session, the peer tutor would bring the group back together to review their answers and justifications.

To investigate how well the peer tutoring prepared students for exams, three researchers (F.D., Z.B., and J.D.) independently compared the content of each exam question with the content of the questions asked in the peer-tutoring sessions. Questions that did not have 100% agreement were discussed until there was consensus. In total, 55.6% of the exam questions were similar in content to questions covered in the peer-tutoring sections.

To ensure that peer tutors were prepared for these sessions, they attended weekly meetings with the course instructors to go through the questions before their sessions with students. The peer tutors were expected to complete the question packet on their own before coming to the instructor meeting. During each meeting, the peer tutors collectively reviewed their answers to and justifications for each question.

Student Data
------------

This study focuses on comparing the outcomes for struggling students who enrolled in optional peer tutoring with those struggling students who declined to enter peer tutoring. The peer-tutoring program represents one difference between these two groups, but students may differ in other critical ways. To account for this, we compared these two groups of students using demographic, engagement, performance, and perception metrics. Although it is impossible to rule out significant differences in other, unmeasured aspects, these metrics provide a broad view of the types of students in each group and the factors that impact student performance.

Demographic Information
-----------------------

We considered a student's gender, ethnicity, year in school, and whether his or her home county is urban or rural ([@B38]; [Table 1](#T1){ref-type="table"}). In addition we considered whether a student's major required additional biology courses in the future and his or her standardized test scores.

At UMaine, students can submit scores from the SAT and/or the ACT for admission ([Table 2](#T2){ref-type="table"}). For comparisons, we converted all ACT scores into SAT scores by first converting ACT scores to *z* scores using the national ACT statistics (mean = 21.1, SD = 5.3) and then converting these *z* scores to equivalent SAT scores using the national SAT statistics (mean = 1010, SD = 164.8). The formula for this conversion is

###### 

Standardized test scores available for BIO 100 students

  Type of test taken    \% of class
  --------------------- -------------
  Only SAT              84.2
  Only ACT               3.0
  Both SAT and ACT       7.2
  Neither SAT nor ACT    5.7

If a student submitted both SAT and ACT scores, his or her ACT score was converted to an SAT score, and the average of that score and the submitted SAT score was used for analysis.

In total, 53 students submitted both scores, and there was no significant difference between the mean true SAT score and the calculated equivalent SAT score (paired *t* test; mean difference = 12.9, SD = 75.3; *t*(52) = 1.25, *p* = 0.22). Students with neither SAT nor ACT scores available were excluded from any analyses in which SAT is used as a covariate.

Engagement Metrics
------------------

In addition to demographic information, we also collected four metrics from Synapse, a local course management system (CMS). CMS metrics included:Synapse log-ins: The number of times a student logged into the Synapse CMS. This system acts as a hub for all lecture and lab materials and all communications from faculty members, teaching assistants, and peer tutors.Note opening: Skeleton versions of the lecture slideshows were posted online in advance of each lecture. Students were able to access these notes beginning approximately 1 wk before the lecture and then again at any point over the remainder of the semester. Lecture notes were not available via any other method (e.g., they were not handed out in class). We counted each time a student opened the page containing the lecture notes. Notes could be downloaded or printed, so we could not capture the total number of times during the semester that students viewed the notes outside the course management system.Video and study guide viewing: For most lectures, the faculty members posted a condensed video version of the lecture along with an outline of key topics covered that day. The video could be viewed only within Synapse, but the study guide was available for download. These two items were posted on the same page, so we were unable to determine which resource a student accessed. Furthermore, there is no way to determine how long a student was on the page or what proportion, if any, of the video he or she watched. Thus, we counted the number of times a student opened a page containing these two resources as an index of access to both resources. Furthermore, video and study guide views are positively correlated with lecture attendance (Pearson's *r* = 0.15, *p* \< 0.001), suggesting that students typically use these resources to supplement lecture rather than to replace it.Grade book access: Student grades for both the lab and lecture components of the course were posted exclusively on Synapse. We counted the number of times each student accessed the grade book. Although it is difficult to know why some students check their grade book more often, this metric may indicate that students are taking an interest in their performance.

In this study, the term "engagement" refers to these four CMS metrics and lecture attendance. Lecture attendance was tracked using an in-class clicker system. A student was marked as attending as long as he or she answered at least one clicker question. Penalties were outlined in the syllabus if students were caught using multiple clickers to cover for friends who were not attending, and informal observation suggests this was not a widespread problem throughout the semester.

All engagement metrics were divided into two time periods 1) preintervention: from the start of the semester to the first exam; and 2) intervention: after the first exam until the end of the semester.

Course Performance
------------------

In addition to the demographic and engagement data, we also analyzed course performance. For the preintervention period, grades on the first exam were compared between struggling students who accepted and declined peer tutoring to assess whether these groups differed. For reference, the performance of these two groups was compared with non-struggling students who performed \> 50% on exam 1.

For the intervention period, scores on exams 2--5 were compared between struggling students who accepted and declined peer tutoring. The exam performance of these two groups is then further compared with non-struggling students to place group performance in the context of the entire class.

Perceptions
-----------

Student perceptions of biology were compared using results from the CLASS-Bio survey ([@B32]). Student perceptions positively correlate with performance, and the perceptions of biology majors tend to improve over 4 yr of study ([@B15]). Students took the CLASS-Bio online at the beginning (pretest) and end (posttest) of the semester and responded to 31 items such as, "To understand biology, I sometimes think about my personal experiences and relate them to the topic being analyzed," on a five-point Likert scale ranging from "strongly disagree" to "strongly agree." Students received a percent favorable score and were placed along a novice-to-expert continuum based on their alignment with the consensus opinions of biology PhDs.

For the preintervention period, pretest percent favorable scores were compared between the two struggling student groups to determine whether students who accepted peer tutoring held significantly different perceptions of biology than students who declined. As with exam performance, the perceptions of both struggling groups were compared with non-struggling students to provide context.

For tracking the relative changes in student perceptions during the course, percent favorable responses on the CLASS-Bio posttest were compared between struggling students who accepted peer tutoring, struggling students who declined peer tutoring, and non-struggling students. In addition, for students who completed both CLASS-Bio pretest and posttest, paired shifts from pretest to posttest scores were examined for struggling students who accepted and declined peer tutoring. A positive shift indicates that students gained more expert-like perceptions of biology during the semester, while a negative shift indicates they left class with more novice-like views. Previous research has found that students in introductory biology courses typically undergo negative shifts from the beginning to the end of a course ([@B32]). While the reasons for these novice-like shifts are still being explored, students in courses that incorporate both active learning and an explicit epistemological curriculum are more likely to show no or expert-like shifts from the beginning to the end of the course ([@B27]).

Statistical Models
------------------

For determining whether struggling students who accepted peer tutoring were different from students who declined peer tutoring, all demographic ([Table 1](#T1){ref-type="table"}) and preintervention engagement metrics were input into a single, multivariate, logistic regression. This model answers the question: If all demographic characteristics and measures of engagement are held constant except for factor X, does factor X significantly predict whether a struggling student accepted or declined peer tutoring?

To determine whether peer tutoring improved student performance after exam 1, we modeled a student's mean score on the four exams taken after the intervention began (exams 2--5) as a function of the number of peer-tutoring sessions each struggling student attended, using a multiple linear regression. Only students who attended at least one peer-tutoring session were included in this model. We input the following covariates to isolate the effect of the peer tutoring: demographic characteristics ([Table 1](#T1){ref-type="table"}) and the five measures of student engagement collected during the intervention period (four CMS metrics and lecture attendance). This type of model, which has been used to explore similar education research questions ([@B16]; [@B35]), identifies which factors are associated with increased exam performance when all other factors are held constant.

Finally, to determine whether students who accept peer tutoring improve their perceptions of biology, we modeled CLASS-Bio posttest scores, which measure percent agreement with experts, with the following covariates: whether a student accepted peer tutoring, demographic characteristics ([Table 1](#T1){ref-type="table"}), five measures of engagement during intervention, and percent favorable scores on the CLASS-Bio pretest.

We tested the independent variables in the logistic and linear models for high collinearity (Pearson's \|*r*\| \> 0.70). Pairs of factors with high correlation are marked in the results. Collinearity may obscure significant input factors in some cases ([@B8]), and therefore, in each case, the collinear factors were removed from the model one at a time, and these new models were compared with the old to identify any significant changes in the results.

Persistence
-----------

To determine whether persistence in the course was affected by the peer-tutoring intervention, we calculated the percentage of students who dropped the course by determining which students took the mandatory final exam; students who did not take the final exam were marked as dropped. The percentage of students who dropped was compared between struggling students who accepted peer tutoring and struggling students who declined peer tutoring using a *Z* test for two proportions. Students who dropped out during the course of the semester are excluded from all other analyses to keep groups comparable across the entire study.

Student Surveys
---------------

In the final peer-tutoring session, students were given a brief survey to assess their opinions about the peer-tutoring program. These surveys included three Likert-scale items for students to share their opinions on whether the peer-tutoring program helped them develop studying and test-taking skills both in BIO 100 and more generally.

To understand why some students did not participate in peer tutoring, we asked struggling students who declined to participate to fill out a free-response online question that reminded them about the peer tutoring and asked them to describe why they had declined help. Students were told that their answers would help the instructors better design future peer-tutoring programs. Responses were collected from 140 of the 215 struggling students who had declined peer tutoring (65.1%), and the reasons were coded into categories by two independent raters. Some students gave more than one reason in their response and therefore received more than one code. Interrater reliability was found to be acceptable (κ = 0.67, *p* \< 0.001; [@B19]), and the raters discussed discrepancies to reach a consensus coding.

All statistical tests were performed using SPSS Version 21 (SPSS, IBM, Armonk, NY). Approval for this study was obtained from the university's institutional review board (UMaine IRB 2012-12-14).

RESULTS
=======

Do Struggling Students Who Accept Peer Tutoring Differ before Intervention from Those Who Decline?
--------------------------------------------------------------------------------------------------

BIO 100 students who scored \< 50% on the first exam were invited to participate in the peer-tutoring sessions, and approximately one-third of struggling students accepted ([Figure 1](#F1){ref-type="fig"}). To determine whether struggling students who accepted differed from those who declined, we examined the exam 1 performance of different groups before peer tutoring began ([Figure 2A](#F2){ref-type="fig"}). The non-struggling students performed significantly higher when compared with struggling students who accepted and declined peer tutoring. Notably, the exam 1 scores of struggling students who went on to join peer tutoring were not significantly different from the exam 1 scores of students who declined peer tutoring.

![Comparison of exam performance among groups. (A) Mean preintervention exam 1 performance. One-way analysis of variance (ANOVA) *F*(2, 681) = 638.6; brackets with asterisks indicate significant two-tailed differences between groups, Tukey post hoc test, *p* \< 0.05. (B) Mean intervention performance for exams 2--5. One-way ANOVA *F*(2, 681) = 120.2, *p* \< 0.001; brackets with asterisks mark significant two-tailed differences between groups, Tukey post hoc test, *p* \< 0.05. Bars indicate SE.](ar16fig2){#F2}

In addition to examining exam 1 scores, we also compared CLASS-Bio ([@B32]) scores on the pretest given at the start of the semester ([Figure 3A](#F3){ref-type="fig"}). Non-struggling students had significantly higher agreement with experts compared with struggling students who accepted and declined peer tutoring. Furthermore, struggling students who accepted peer tutoring began the semester having perceptions of biology equivalent to the perceptions of struggling students who declined peer tutoring.

![Student CLASS-Bio scores at the beginning and end of the semester. (A) Mean scores overall on CLASS-Bio pretest by group. One-way ANOVA *F*(2, 555) = 26.7, *p* \< 0.001; brackets with asterisks mark significant two-tailed differences between groups, Tukey post hoc test, *p* \< 0.05. (B) Mean scores on CLASS-Bio posttest overall by group. One-way ANOVA *F*(2, 641) = 44.0, *p* \< 0.001; brackets with asterisks mark significant two-tailed differences between groups, Tukey post hoc test, *p* \< 0.05. (C) Mean shifts in CLASS-Bio overall score for individual students from pretest to posttest. The significant two-tailed shift is marked with an asterisk, paired *t*-test, *p* \< 0.05. Bars indicate SE.](ar16fig3){#F3}

Next, all of our demographic and preintervention engagement variables for the struggling students were included in a logistic regression to determine whether any of our measured characteristics predicted whether or not a struggling student accepted peer tutoring. The resulting model was not statistically significant compared with an intercept-only model (χ^2^ (11) = 16.77, *p* = 0.12), indicating that these input variables do not significantly predict whether or not a student would accept peer tutoring.

Do Struggling Students in the Peer-Tutoring Program Improve Their Course Performance?
-------------------------------------------------------------------------------------

Given that students who accepted and declined peer tutoring were similar at the beginning of the course, we next wanted to determine whether the peer-tutoring program helped students improve their performance on subsequent exams. Students who accepted peer tutoring showed improvement in performance relative to struggling students who declined peer tutoring immediately after the intervention, and the differences were consistent throughout the semester ([Figure 4](#F4){ref-type="fig"}). Furthermore, when averaged scores on exams 2--5 were compared, non-struggling students outperformed struggling students; however, the exam performance of struggling students who accepted peer tutoring was significantly better than struggling students who declined peer tutoring ([Figure 2B](#F2){ref-type="fig"}). Moreover, students in the peer-tutoring program with the greatest improvement in their exam performance attended, on average, more peer-tutoring sessions (Supplemental Figure 3).

![Raw average exam grades throughout the semester by group. Bars indicate SE. The dashed black line indicates the start of the intervention period.](ar16fig4){#F4}

These results suggest that attending peer tutoring helped struggling students improve their exam performance. However, a number of other factors may explain improved exam performance. Therefore, we ran a multiple regression model to identify the impact of peer-tutoring attendance among these factors. As students attended a variable number of peer-tutoring sessions (Supplemental Figure 4), we designated peer-tutoring attendance as a continuous variable. The model is significant compared with an intercept-only model (*F*(12, 76) = 5.28, *p* \< 0.001) and accounts for 36.9% (adjusted *R*^2^) of the variance in the data ([Table 3](#T3){ref-type="table"}).

###### 

Multiple regression model of factors contributing to mean performance on intervention period exams for students attending at least one peer-tutoring session

                                        ß ± SE^a^      *p*
  ------------------------------------- -------------- ------------
  Peer-tutoring program                                
   Number of sessions attended          0.99 ± 0.44    **0.03**
  Engagement                                           
   Video/study guide views              0.15 ± 0.05    **\<0.01**
   Lectures attended                    0.53 ± 0.23    **0.02**
   Note openings                        −0.05 ± 0.06   0.35
   Grade book checks^b^                 0.02 ± 0.04    0.64
   Synapse log-ins^b^                   0.01 ± 0.04    0.79
  Demographics                                         
   SAT score                            0.04 ± 0.01    **\<0.01**
   Year in school (1 → 2 → 3→ 4)        2.59 ± 2.03    0.20
   Gender (male → female)               2.49 ± 2.83    0.38
   Home county (rural → urban)          2.45 ± 2.82    0.39
   Require more biology? (no → yes)     0.92 ± 2.77    0.74
   Ethnicity (nonminority → minority)   0.39 ± 3.31    0.91

Factors with *p* values \<0.05 are indicated in bold font.

^a^ß indicates the expected change in the mean exam score (in percentage points) given a unit change in the parameter of interest. For categorical variables, ß indicates the predicted change in score that results from a categorical change in the direction indicated by the arrows in parentheses (e.g., changing the level of "gender" from "male" to "female" increases the expected mean exam score by 2.49 percentage points).

^b^These factors are highly correlated (*r* = 0.90), but removing one of them does not change which input variables are significant or the ß values of significant independent variables. Supplemental Figure 5 shows the results from the multiple regression model when the factor Synapse log-ins is removed.

After controlling for differences in demographic characteristics and student engagement, the model predicts that struggling students who accepted peer tutoring would gain 0.99 percentage points on their mean 2--5 exam scores for each tutoring session they attended (*p* = 0.03; [Table 3](#T3){ref-type="table"}). There were 10 available sessions, so struggling students who attended all weekly sessions would be expected to score approximately one letter grade higher on these last four exams on average than struggling students who attended just one peer-tutoring session.

Average performance on the four intervention period exams was also significantly predicted by video and study guide viewing (ß = 0.15, *p* \< 0.001) and lecture attendance (ß = 0.53, *p* = 0.02; [Table 3](#T3){ref-type="table"}). More frequent viewing of videos and study guides and higher lecture attendance are significantly associated with higher exam scores. Additionally, higher SAT scores are associated with better performance on these exams (ß = 0.04, *p* \< 0.001). However, it is notable that, after adjusting for the impact of these factors, peer-tutoring attendance still has a significant impact on exam performance.

Several factors do not significantly impact exam performance after adjusting for other factors (*p* ≥ 0.20; [Table 3](#T3){ref-type="table"}). These factors include: differences in note opening, grade book checks, Synapse log-ins, year in school, gender, urban/rural hometown, future biology requirements for major, and minority status.

Do Struggling Students in Peer Tutoring Improve Their Perceptions of Biology?
-----------------------------------------------------------------------------

In addition to their poor performance early in the year, struggling students who accepted and declined peer tutoring entered the class holding more novice-like perceptions of biology than their non-struggling peers ([Figure 3A](#F3){ref-type="fig"}). At the end of the semester, struggling students who accepted and declined peer tutoring still held more novice-like perceptions of biology than their non-struggling peers, but struggling students who accepted peer tutoring ended the year with significantly higher CLASS-Bio scores than struggling students who declined ([Figure 3B](#F3){ref-type="fig"}). In addition, struggling students who declined peer tutoring shifted significantly toward more novice-like perceptions of biology from pretest to posttest, while struggling students in peer tutoring maintain their initial perceptions ([Figure 3C](#F3){ref-type="fig"}).

Next, we ran a multiple regression model among the struggling students to determine whether accepting peer tutoring was significantly associated with higher CLASS-Bio posttest scores after controlling for demographic, intervention period engagement, and CLASS-Bio pretest score factors. The majority of students included in this model declined peer tutoring and accordingly attended zero peer-tutoring sessions. To avoid zero inflation in our previously continuous peer-tutoring attendance variable, we defined peer tutoring in this analysis as a binary variable (accept or decline).

The model is significant compared with an intercept-only model (*F*(13,176) = 13.86, *p* \< 0.001) and accounts for 46.9% (adjusted *R*^2^) of the variance in CLASS-Bio posttest scores ([Table 4](#T4){ref-type="table"}). After controlling for differences in student engagement, demographic characteristics, and CLASS-Bio pretest score, it was predicted that struggling students who accepted peer tutoring would score 6.05 points on the CLASS-Bio posttest (*p* = 0.02) compared with students who declined peer tutoring.

###### 

Multiple regression model of factors contributing to CLASS-Bio posttest scores for struggling students

                                        ß ± SE^a^      *p*
  ------------------------------------- -------------- ------------
  Peer-tutoring program                                
   Accepted peer tutoring               6.05 ± 2.49    **0.02**
  Engagement                                           
   Video/study guide views              0.09 ± 0.05    0.09
   Lectures attended                    0.36 ± 0.24    0.13
   Synapse log-ins^b^                   −0.03 ± 0.05   0.51
   Note openings                        −0.03 ± 0.05   0.56
   Grade book checks^b^                 0.02 ± 0.04    0.63
  Demographics                                         
   Gender (male → female)               5.05 ± 2.85    0.08
   SAT score                            −0.01 ± 0.01   0.09
   Year in school (1 → 2 → 3 → 4)       −0.68 ± 2.15   0.13
   Ethnicity (nonminority → minority)   −2.61 ± 3.26   0.42
   Home county (rural → urban)          1.71 ± 3.27    0.60
   Require more biology? (no → yes)     0.33 ± 2.93    0.91
  CLASS-Bio                                            
   Pretest score                        0.71 ± 0.06    **\<0.01**

Factors with *p* values \<0.05 are indicated in bold font.

^a^ß indicates the expected change in the CLASS-Bio posttest score given a unit change in the parameter of interest. For categorical variables, ß indicates the predicted change in score that results from a categorical change in the direction indicated by the arrows in parentheses (e.g., changing the category of "gender" from "male" to "female" increases the expected CLASS-Bio posttest score by 5.05 points).

^b^These factors are highly correlated (*r* = 0.90), but removing one of them does not change which input variables are significant or the ß values of significant independent variables. Supplemental Figure 6 shows the results from the multiple regression model when the factor Synapse log-ins is removed.

Also, CLASS-Bio pretest and posttest scores are positively correlated ([Table 4](#T4){ref-type="table"}). After accounting for all other variables in the model (including peer-tutoring participation) for each point scored on the CLASS-Bio pretest, students scored 0.71 points more favorable on the CLASS-Bio posttest (*p* \< 0.01).

In addition, a number of other factors showed interesting but nonsignificant trends (0.05 \< *p* \< 0.2) on CLASS-Bio posttest scores ([Table 4](#T4){ref-type="table"}). These trends may be too variable or weak, given the statistical power of our test. For example, female students are predicted to end the semester with more expert-like perceptions (ß = 5.05, *p* = 0.08) compared with similar male students. Other factors approaching significance in the model include number of video/study guide views, the number of lectures attended, SAT scores, and year in school.

Do Struggling Students in Peer Tutoring Persist at a Higher Rate?
-----------------------------------------------------------------

Ultimately, the goal of this tutoring program is to improve the persistence of struggling students in introductory biology. To evaluate this goal, we compared the overall percent of students dropping out of BIO 100 with the dropout rate for each group and found that struggling students who declined peer tutoring had the highest dropout rate of any group ([Table 5](#T5){ref-type="table"}). Moreover, the dropout rate of struggling students who declined peer tutoring is significantly higher than struggling students who accepted peer tutoring (*Z* test for two proportions, *Z* = 3.25, *p* \< 0.001).

###### 

Dropout rate by group

                                        Dropouts   
  ------------------------------------- ---------- ------
  Full class                            92         12.1
  Study group                                      
   Non-struggling                       25          5.8
   Struggling---accept peer tutoring    14         12.0
   Struggling---decline peer tutoring   53         24.7

What Do Struggling Students Think of Peer Tutoring?
---------------------------------------------------

During the final peer-tutoring session, a brief survey was given to assess student opinions of the peer-­tutoring program ([Table 6](#T6){ref-type="table"}). Students who participated in the peer-tutoring programs overwhelmingly said the peer tutoring was helpful for both the BIO 100 course and their other courses.

###### 

Struggling student evaluation of peer tutoring

  Item                                                                                                     Mean^a^   SD
  -------------------------------------------------------------------------------------------------------- --------- ------
  The peer-tutoring sessions helped me prepare for exams in BIO 100.                                       4.48      0.55
  The peer-tutoring sessions helped me study more effectively for BIO 100.                                 4.40      0.71
  The peer-tutoring sessions helped me develop test-taking skills that are valuable in my other courses.   4.18      0.71

Survey responses *n* = 44

^a^On the survey, 1 was "strongly disagree" and 5 was "strongly agree."

Why Do Some Struggling Students Decline Peer Tutoring?
------------------------------------------------------

To explore the reasons why struggling students declined help, we gave these students an online free-response survey at the end of the semester. This survey reminded them about the peer-tutoring offer and asked them why they declined. Responses were collected from 65.1% of the struggling students who had declined peer tutoring and coded by two independent raters ([Figure 5](#F5){ref-type="fig"}). Some students gave more than one reason in their response and therefore received more than one code. Struggling students most commonly reported that they declined to participate in the peer-tutoring program because they did not have enough time.

![Reasons struggling students give for declining peer tutoring. Some students gave more than one reason in their response and therefore received more than one code.](ar16fig5){#F5}

DISCUSSION
==========

This study used peer tutors to provide targeted help to students who did poorly on the first exam in a large-enrollment, introductory biology course. Students who struggle on the first exam in introductory biology typically fail to improve significantly over the remainder of the semester ([@B18]). While previous research has described the improvements in student performance, perceptions, and attitudes as a result of offering peer tutoring to the entire class (e.g., [@B2]; [@B16]; [@B34]), we report here how those benefits can be replicated within a subset of struggling students who are participating in ungraded, extracurricular sessions. Notably in this study, struggling students who regularly attended peer-tutoring sessions improved their exam performance ([Figures 2](#F2){ref-type="fig"} and [4](#F4){ref-type="fig"} and [Table 3](#T3){ref-type="table"}) and persisted at a higher rate ([Table 5](#T5){ref-type="table"}). Students who participated in peer tutoring also finished the course with more expert-like perceptions of biology ([Figure 3B](#F3){ref-type="fig"} and [Table 4](#T4){ref-type="table"}) compared with struggling students who declined peer-­tutoring sessions.

Because institutions may not have the resources to hire and train enough peer tutors to support class-wide implementation of peer tutoring, it is important to know that peer tutoring offered to struggling students is effective. Furthermore, the improved performance of struggling students who accepted peer tutoring is not the result of a biased self-selection in the measured characteristics ([Figures 2A](#F2){ref-type="fig"} and [3A](#F3){ref-type="fig"}). It is possible that our metrics do not document some important variation between our groups. However, it is worth noting that, before the widespread adoption of online CMSs like Synapse, the adjustments for student engagement presented here would not have been possible. Given continued advances in classroom technology, future studies may capture additional variations to better characterize the impact of targeted intervention strategies.

Why Is Peer Tutoring Effective for Struggling Students?
-------------------------------------------------------

In this study, peer tutoring refers to a system of student support, including weekly meetings with up to 10 students, a trained peer tutor, and prepared question packets given to the students each week. One plausible explanation for the benefits of this program is that the struggling students who accepted peer tutoring improved their exam performance simply because they were spending an extra hour per week studying. However, previous work has found a negligible relationship between the amount of time spent studying and academic performance ([@B23]; [@B21]), suggesting that the quality of studying techniques is also important.

High-quality study techniques can be described as an extension of the deliberate practice model of expert development ([@B28]). The deliberate practice framework proposes that developing expertise in a domain requires:Regularly scheduled training in that domain;Training tasks designed by an expert teacher;Ongoing feedback from an expert teacher during training tasks; andIntense concentration during training with minimal distractions ([@B10]; [@B9]).

The peer-tutoring sessions described in this study were explicitly designed to follow this framework. Struggling students met the first condition by signing up for weekly tutoring sessions. The second condition was met, because the materials provided in these sessions were designed by the course instructors and research investigators to align with course goals. The third condition was also met, because students received feedback and clarification from their trained peer tutors as they worked. Finally, students met the last condition by meeting with peer tutors who monitored the group and encouraged their students to stay on task throughout the session.

While the deliberate practice framework stresses that all of these factors are important, it is possible that the observed improvements in performance, perceptions, and persistence among struggling students could be partly or mostly replicated without all the elements currently included in the peer-tutoring program. Additional research isolating or removing components of the peer program will help identify which aspects are most critical to its success. For example, providing the materials used in peer-tutoring sessions to all students would help determine the specific benefits of simply having access to the questions in the format used in the sessions. Alternatively, struggling students could register for self-guided study groups in which they would work through the materials without the guidance of a peer tutor.

Why Use Targeted Peer Tutoring for Struggling Students?
-------------------------------------------------------

Hiring enough peer tutors for every student in a large-enrollment class can be a resource-intensive process. However, other limited-resource interventions have also been shown to be effective, such as two-part metacognitive interventions ([@B20]) and a single study skills intervention run by faculty members ([@B7]). Why, then, should institutions with limited resources choose to implement a weekly peer-tutoring program?

One advantage of a weekly, targeted peer-tutoring program over one-time interventions is that a weekly program fosters the development of a learning community that can help students who feel isolated. Isolation from the educational community can lead to disengagement and low persistence among students in large introductory courses ([@B36]; [@B11]). Learning communities have been found to combat isolation and improve attitudes, learning outcomes, and motivation for students in STEM fields ([@B12]).

Peer tutoring is also unique in that it benefits the students acting as tutors. Outcomes for peer tutors were not specifically investigated in this paper, but previous research has consistently shown that peer tutors improve their content mastery as well as their perceptions of the respective field ([@B26]; [@B6]). In this way, a targeted peer-tutoring program maximizes the benefits of limited resources by significantly improving the performance of struggling students in an introductory course, by increasing retention of STEM majors, and by helping peer tutors develop teaching skills and further mastery in a STEM field.

Reaching Students Who Declined Peer Tutoring
--------------------------------------------

Peer tutoring can improve the performance and persistence of struggling introductory biology students, but this optional program can only help those who choose to attend. This self-selection process means that students who enrolled in the program could have potentially been quite different from struggling students who did not. However, analysis of the performance, perceptions, demographic characteristics, and engagement of the students in these two groups showed they were similar to the students who declined the assistance ([Figures 2A](#F2){ref-type="fig"} and [3A](#F3){ref-type="fig"}). These results suggest that, while the background, engagement, and early performance of STEM students are important ([@B36]; [@B33]; [@B25]; [@B39]), the measures presented here are not sufficient for determining which students are likely to accept help.

Despite the benefits of the peer-tutoring program, not all struggling students participate. For example, in this study, 35.2% of students accepted the offered peer tutoring after struggling on the first exam ([Figure 1](#F1){ref-type="fig"}). Previous studies offering ungraded, extracurricular help to struggling students in introductory psychology courses ([@B20]), struggling students in introductory physics and oceanography courses ([@B7]), and all students in an introductory chemistry course ([@B16]) had acceptance rates of 40.5, 39.1, and 40.0%, respectively. The similarity of these acceptance rates suggests that student interest in this type of assistance may be somewhat constant over a range of classroom settings.

The participation rates for struggling students leads to this question: Why are some students not interested in taking advantage of available extra help? For this peer-tutoring program, many students reported they were unable to make time for a weekly meeting, did not see that they needed help, or chose other available help in lieu of the peer-tutoring program ([Figure 5](#F5){ref-type="fig"}). Accordingly, we suggest that future recruitment efforts should highlight for students the differential exam performance between struggling students in and out of peer tutoring. Furthermore, students frequently reported scheduling conflicts during available tutoring times; future registration systems should include a wait-list component so program directors are aware of additional students wanting to register for a popular time slot and can shift peer tutors from less popular times to meet demand.

CONCLUSION
==========

This study shows that some students who do poorly on the first exam in a course will participate in a targeted tutoring program, even though the program is ungraded and requires additional time investment. Students who accepted peer-tutoring sessions achieved improved exam performance and ended the year with more expert-like perceptions of biology relative to their struggling peers who declined help. Ultimately, these improvements led to increased persistence in the class and suggest that targeted peer tutoring can be an effective tool for reducing the loss of at-risk students during the critical, early undergraduate portion of the STEM pipeline.
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